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Keeping Pace with the
Avionics Revolution

1975-1984

Computer technology enters
a period of phenomenal growth
triggering a revolution in
aircraft avionics.  Efforts to
bring additional information
into the cockpit and extend Air
Force mission areas will bring
about the development of
controls and displays of un-
precedented complexity.
Resulting human engineering
issues of pilot workload and
man-machine interface must be
addressed.  The stage is set for
revolutionary strides in such
areas as visually-coupled
systems, mental workload, and
anthropometry.  Dr. Julian
Christensen retires from the
Human Engineering Division
and is replaced by Mr. Charles
Bates, Jr.

1975-1984
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EYE TRACKING RESEARCH
Kirk Moffitt and Martha Hausman working with
the Stanford Research Institute (SRI) eye tracker
as part of research on eye tracking at the Human
Engineering Division in 1979-1980.
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MEASURING A SUBJECT’S
GRASP-REACH ENVELOPE

Subject reaching along a 30-degree line in the left
15-degree plane in a study to determine the 5th,
50th, and 95th percentile grasping-reach envelopes
in three dimensions for men and women. The data
were collected to serve as a guide to the placement
of critical hand-operated controls for the seated
operator. The work was done by Kenneth W.
Kennedy under Workunit 71840832, “Design and
Evaluation of Work Stations.” AMRL-TR-77-50
(1978)
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OPTICAL DISTORTION

Illustration of the lensing produced by an F-111
windscreen in a study of windscreen distortion. The
study was conducted in order to develop a computer
analysis of the distortions to enable aiming
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systems. The work was done by Major Rick Seid.
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Charles W. Geer of the Boeing Aerospace
Company developed under Workunit
71841212. AFAMRL-TR-81-35 (1981)
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MEASURING THE PERFORMANCE
OF A VISUALLY-COUPLED SYSTEM

Measuring head position and aiming accuracy in a
visually-coupled system to examine the engineering
interface. The work was done under Project 7184,
Workunit 71842005 by Sheldon MacLeod of AMRL
and David B. Coblintz of McDonnel Douglas. AMRL-
TR-79-32 (1979)
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A116 296)

SUBJECT AT A
SIMULATED B-52
WORKSTATION

MSgt Al Chapin of AMRL at a
workstation in a simulation of
the B-52 bomber’s Offensive
Avionics System (OAS). This
simulator was used for several
years by Earl Sharp and his
associates in the Human
Engineering Division to study
the deficiencies of the system
and provide suggestions for
modifications and design
improvements. This picture was
taken in 1980. (Task 718410)
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Charles Bates, Jr., following a tour in the US
Army Air Forces, received his Masters Degree in
Industrial Psychology from Kansas State
University.  Subsequent graduate studies
involved industrial training in side-looking radar
and photo interpretation.

Starting in 1956, he engaged in research
directly supporting Air Force weapon system
development.  After nearly 35 years of
government service entirely devoted to the
Armstrong Laboratory at Wright-Patterson Air
Force Base, Ohio, Bates retired as Director of the
Human Engineering Division of the Crew Systems
Directorate.

Under Bates, the division performed research
dealing with a wide range of human performance
issues in Air Force systems, including programs
in workload measurement, visually coupled
systems, strategic aircraft crew station design
evaluation, effects of microgravity on vision,
cockpit design support technology and basic
research in human visual performance.

Bates was a key factor in the success of many different projects during his career. From his
start in the Crew and Systems Branch, he was involved in crew station design for the Snark, Atlas,
Navaho, B-52, B-70, Skybolt, and Hound Dog Programs.  Participation in the development and test
activities of these programs led to a research project to quantify the contribution of the human
component to system reliability.

In 1962, Bates was promoted to Chief, Performance Requirements Branch, where his primary
responsibility was human engineering support of Air Force advanced system development, including
analysis and experimental activity on human performance problems peculiar to advanced systems.
Bates was project engineer for the human performance aspects of the Manned Orbiting Laboratory
Program.  His branch initiated the early work in visually coupled systems, including the
development of the first airborne qualified helmet-mounted sight and helmet-mounted display, and
provided the initial human performance data for multisensor and real-time reconnaissance program
development.  In 1975, Bates was promoted to Director of the Human Engineering Division and
then selected for the rank of Senior Executive Service in August 1983.

Bates was the recipient of several performance and professional awards, including the Air Force
Systems Command Distinguished Civilian Service Medal and the Presidential Meritorious Executive
Rank Award.  A past Chairman of the Aerospace Medical Panel of the Advisory Group for Aerospace
Research and Development of the North Atlantic Treaty Organization, Bates held four patents in the
areas of visually coupled systems and helmet-mounted displays.

Charles Bates, Jr.
Chief, Human Engineering Division

1975 to 1991
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illumination.  This graph, from “Binocular Rivalry
in Helmet-Mounted Display Applications” is one
of several graphs in this research study done for
AMRL by M.L. Hershberger and D.F. Guerin of the
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SUBJECT WITH AN OXYGEN MASK
IN TESTS FOR FITTING AND

EVALUATION DATA
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revised height-weight sizing manual for protective
flight garments. The work was done under Workunit
71840826 of Project 7184  by Milton Alexander, and
by John McConville and Ilse Tebbetts of Anthro-
pology Research Project, Inc.  AMRL-TR-79-28 (1979)

McConville, J. T., & Clauser, C. E. (1978).
Anthropometric resources vs civilian needs
(AMRL Technical Report 78-111). Wright-
Patterson AFB, OH: Aerospace Medical Re-
search Laboratory. (DTIC No. A061 390)

McConville, J. T., Tebbetts, I., & Alexander,
M. (1979). Guidelines for fit testing and evalua-
tion of USAF personal-protective clothing and
equipment (AMRL Technical Report 79-2).
Wright-Patterson AFB, OH: Aerospace Medical
Research Laboratory. (DTIC No. A065 901)

McDaniel, J. W. (1976). Computerized biome-
chanical man-model. Proceedings of the Interna-
tional Ergonomics Association.

McDaniel, J. W. (1977). Aerospace Medical
Research Laboratory’s pilot strength and
endurance screening program. Proceedings of
the 48th Annual Scientific Meeting of the
Aerospace Medical Association.

McDaniel, J. W. (1978). Aerospace Medical Re-
search Laboratory’s pilot strength and endur-
ance screening program (AMRL Technical
Report 78-112). Wright-Patterson AFB, OH:
Aerospace Medical Research Laboratory. (DTIC
No. A061 706)

McDaniel, J. W. (1981). Male and female capabili-
ties for operating aircraft controls (AFAMRL-
TR-81-39). Wright-Patterson AFB, OH: Air
Force Aerospace Medical Research Laboratory.
(DTIC No. A098 256)

McDaniel, J. W. (1982). Biomechanical computer
modeling for the design and evaluation of
workstations. In R. Easterby, K. H. E. Kroemer,
& D. F. Chaffin (Eds.), Anthropometry and
biomechanics theory and application. New York:
Plenum Press.

McDaniel, J. W. (1984). CREW CHIEF:  Tech-
niques for maintenance and workplace evalua-
tion. Proceedings of the NATO Defense Research
Group Panel VIII:  Applications of System
Ergonomics to Weapon System Development (pp.
25-26). England: Royal Military College of
Science.

McDaniel, J. W., Skandis, R. J., & Madole, S.
W. (1983). Weight lift capabilities of Air Force
basic trainees (AFAMRL-TR-83-0001). Wright-
Patterson AFB, OH: Air Force Aerospace
Medical Research Laboratory. (DTIC No. A129
543)

McGillem, C. D., & Aunon, J. I. (1979). Analysis
of single event evoked potentials (AMRL Techni-
cal Report 79-83). Wright-Patterson AFB, OH:
Air Force Aerospace Medical Research Labora-
tory. (DTIC No. A080 896)

In 1983, the Strategic Air Command asked my
group to build a simulator facility for the new B-1
bomber, which was under construction, but for
which there was no training device. We built them
two simulators to serve as interim trainers while
the production trainers were being produced.
While these were being fielded, we built another,
higher fidelity, defensive simulator and began a
similar operation for the B-1 as we had done for
the B-52. Later the two fielded units were
returned to the lab and served as experimental
platforms for all B-1 crew positions. This group is
now working on a similar device for the B-2.
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credibility and respect to Earl’s findings from
the crews and SAC.

–– Klein Associates
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be displayed on high-resolution displays which would be
monitored by operators who would identify anything that
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support of the Air Force Office of Scientific Research. His
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testing. They used it to hone the time-compression
parameters in a computerized version of the device, which
is still in use today in GEODSS sites such as that on Maui,
Hawaii.

–– Wayne L. Martin, Chief
Visual Display Systems Branch
Human Engineering Division
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“My most enjoyable project was working on
the pre-cursor of the Manned Orbiting
Laboratory (MOL).  When NASA was set up, that
research was turned over to them, but until
then the Air Force had a program in the area.  I
worked on it intermittently for two or three
years as the Human Engineering focal point on
the MOL team.  One of the things we
investigated was whether humans could operate
outside of a spacecraft to make repairs—what
was later called the “space walk”— and to
determine what kind of tools they would need.
This was a very fundamental question in those
days.  The lab had access to C-131 and C-135
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— Steve Heckart
Applications Human Engineer
Human Engineering Division
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The VCASS (Visually-Coupled Airborne
Systems Simulator) helmet is an example of
an incredible design option. The helmet’s
miniaturized electronics project an image
onto a screen approximately two inches in
front of the pilot’s eyes and offer a view of
what is outside the cockpit. Flight data are
superimposed over the scene. Using that
information, the pilot activates aircraft
systems with eye and hand movements and
also voice commands. This replaces the
pushing of knobs and buttons which are nearly
eliminated from the cockpit.

––␣ May 1985, “Human Engineering,
Yesterday and Today,”
Civilian Employees Reporter
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A LAB SCIENTIST AT THE SABER STATION
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FIT AS A SOURCE OF ANTHROPOMETRIC
VARIATION

Three-dimensional geometric scans of two pilots,
one a surface model and the other lines, aligned by
the HGU 53/P helmets they wear.  This illustrates
the wide variation in the way equipment is worn, a
variation which is often wider than the variation in
the body size and shape of the population.
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factors, or ergonomics,
attempts to understand
and quantify human
physiological and
behavioral interactions
with equipment and
systems.  Prior to 1988,
designers and engineers
had no resource for
complete human factors
information.  In response
to this need, Dr. Kenneth
R. Boff, of the Human
Engineering Division,
Armstrong Laboratory,
conceived and established CSERIAC.  Operated by the University of Dayton Research Institute,
CSERIAC is a Defense Technical Information Center/Department of Defense organization, managed
by the Human Engineering Division at Wright-Patterson Air Force Base, in Ohio.

What Do We Do?
CSERIAC’s mission is to provide a quick and reliable source for analytical services, topical
publications, software programs, and databases pertaining to human factors.  We collect, analyze,
and disseminate information and technologies to support the requirements of all parties within the
government, industrial, and academic sectors concerned with human-machine systems.  We strive to
be the premier gateway for the dissemination of human factors-related information and technologies.
In short, CSERIAC solves your human factors problems.
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BIOFIDELIC VIRTUAL PEOPLE
An illustration depicting future life-like human models, referred to as
"biofidelic" models, that will be used to design, test, and "try on"
equipment within a highly graphic computer environment.  The term
biofidelic was coined by Mrs. Jennifer Whitestone.  (Workunit 71840846)
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THE HUMAN ENGINEERING
DATA COMPENDIUM

Engineering Data Compendium, Human Perception
and Performance (1988), edited by K.R. Boff and
J.E. Lincoln, an extensive three-volume, in-depth
treatment of the basic data on perception and
performance (also shown on CD-ROM) for use by the
human engineering specialist and an efficient basis
for access to the research literature. The figure also
shows the primary reference for the Compendium,
the two-volume “Handbook of Perception and
Human Performance” (1986).  These volumes are a
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the characteristics of humans and machines in
designing efficient man-machine systems by fitting
the machine to its human users. (Workunit
71842607)
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ADVANCED NIGHT VISION GOGGLES
RESEARCH

Mr. Pete Marasco evaluates the latest high-tech night
vision goggle (NVG) system capable of displaying a 45-
degree intensified field-of-view on optical combiners.
(Task 718418)
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LASER SCANNING A HUMAN HEAD
Ms. Kathleen M. Robinette being surface scanned by a laser scanner
which provides high-resolution surface data of her head and face.  Her
surface features are displayed on the computer graphics terminal.
Laser scanning has advanced anthropometric methods at the
Computerized Anthropometric Research and Design (CARD) Laboratory
of the Human Engineering Division. (1993) (Task 718408)
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MODIFY WORKPLACES FOR THE
PHYSICALLY DISABLED

The COMBIMAN computer model was used to
evaluate the physical accommodation of a
physically disabled woman in 1993.  This proof of
concept led to the development of a new program
to help modify workplaces to accommodate
disabled persons.
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CASHE VISION
This Computer-Aided Systems Human Engineering
(CASHE) vision shows a multi-disciplinary design
team working with a CAD/CAE system in which
ergonomic data is a "full partner" among other
disciplines within the working environment. The
combined use of integrated CRTs, small group wall
displays, auditory systems, and virtual display
technologies allows designers to fully visualize and
experience the operational impact of the crew
system design, even in its early conceptual design
phase. All team members can interactively
communicate their design proposals and solutions to
other centers in this distributed design network.
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is pointing the way to
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Pilot's helmet helps interpret high-speed world

SYNTHESIZED PANORAMA PROJECTED
ON VISOR OF FUTURE PILOT

Conceptual representation of the Super Cockpit in which the pilot has an
abstracted pictorial view of the task, mission and threat environments.
Night is turned into day, available weaponry are pictorially represented and
accessed by alternative controls (voice, eye line-of-sight, or brain actuated).
The pilot may navigate along a "highway in the sky."  Threats are
represented by their zones of lethality. (Workunit 71842601)

(New York Times—John Noble Wilford)

The pilot sits in the cockpit wearing a dark,
bulging, bug-faced helmet that makes him look like
the sinister Darth Vader in the movie “Star Wars.”
Projected on his visor is a synthesized panorama of
the world he is flying over and into, the terrain
below and the skies around.  It is like having his
head inside a marvelous, action-packed video game.

But it just may be the only way pilots will be able
to handle the complex, high-speed aircraft of the
future, especially in combat.  Assisted by computers,
tiny video tubes and other electronics, they will
almost literally carry all their cockpit controls in the
helmets they wear.  The engineers who are
developing this advanced technology call it a
“virtual cockpit” or “supercockpit.”

Missiles Streak Across Helmet Visor
On the helmet visor, the pilot sees moving green

lines streak before his face, calling attention to
antiaircraft missile fire.  He applies pressure to the
stick and makes a sharp evasive maneuver, away
from the line of fire.
The panorama, 120
degrees wide and 60
degrees high, changes
accordingly.  The pilot
swings his head left or
right and the view
changes each time.

Superimposed on one
corner of the panorama
are numerical readouts
of his altitude, velocity,
and heading.  There is a
small square marked
“status.”  He looks
straight at the square,
says “select” and sees
projected there for a few
moments symbols
indicating the status of
the plane’s fuel, oil
pressure and
temperatures.  The
purpose is to know what
he needs to know when
he needs to know it, and
not be overwhelmed by
panels of gauges and
dials.

Voice Commands
Dispatch the “Bad
Guys”

Ahead, above the
outline of a distant
mountain, appears a
green triangle, topped
by the number 9.  Radar
has detected a “bad
guy” nine miles away.
The pilot checks his
weapons, calling by

voice command for a symbolic display of the missiles
available under the plane’s wing.  He selects one, by
voice or by pressing a button, and the symbol for the
selected missile flashes to remind the pilot it is ready.

The pilot wants a better view.  “Zoom,” he says, and
an electronically synthesized voice echoes the
command in confirmation.  Instantly, the computer
provides a closeup image of the terrain ahead, and of
the bad guy.  Or the pilot says “god’s eye,” and hears
his command repeated.  This, in effect, takes the pilot
out of the aircraft and high above for a view of
himself, the approaching enemy, and the entire
theater of impending battle.

With a “normal” image put back before him, the
pilot points the plane so the reticle of his gunsight
rests squarely over the triangle marking the location
of the enemy craft.  He gives the command “lock on.”
Then, “fire.”  The missile streaks toward the target.  A
symbolic explosion of light fills the triangle in the
image.  An enemy is destroyed.
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NEW SIZING METHODS
Ms. Kathleen Robinette is demonstrating
the fit of one off-the-shelf size from the
new sizing system she helped develop for
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system reduced the need for alterations
from 75% to less than 1% without
increasing the number of sizes. (Workunit
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MEASURING VISUAL OBSCURATION
BY A HELMET AND OXYGEN MASK

Ms. Rebecca Unger is assisting TSgt Robert L. Stewart as he serves
as an experimental subject in a study measuring the amount of
visual obscuration caused by a helmet and oxygen mask. This work
provided a small part of the data for the CREW CHIEF Man Model
being developed by the Human Engineering Division. (1992)
(Workunit 71840847)
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––␣ May 1985, “Human Engineering,
Yesterday and Today,” Civilian
Employees Reporter
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BRAIN ACTUATED CONTROL OF MOTION SIMULATOR
Dr. Paul Morton self-regulates his brain electrical activity to control the
cab's roll position in the Alternative Control Technology (ACT) Laboratory.
Specific patterns of brain electroencephalographic (EEG) activity are
identified and monitored.  Using a biofeedback training method, operators
learn to enhance or reduce brain electrical response strength.
Noninvasive scalp electrodes are used to record changes, which are then
translated into commands that control the operation of a physical device
or computer program. (1994) (Task 718414)
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A HMD SYMBOLOGY

STANDARD FOR
TACTICAL APPLICATIONS
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The current Chief of the Human
Engineering Division, Kenneth R. Boff earned a
PhD in experimental psychology (Dynamic
Visual Performance) from Columbia University
in 1978.  His personal research has focused on
facilitating applications of human performance
data and models in the design and evaluation
of complex human system interfaces.   More
recently, he initiated the development of
innovative data visualization techniques to
enable computer-aided design, or CAD,
representation of human performance data for
crew system designers.

Dr. Boff actively consults and provides
technical liaison with a broad range of govern-
ment agencies, international working groups,
universities, and professional societies and is
founder and Technical Director of the Crew
System Ergonomics Information Analysis
Center (CSERIAC).  He is the United States'
Principal Investigator for the Joint US-French
Super Cockpit Technologies Program, and an
appointed member of the AGARD Aerospace
Medical Panel, within which he chairs the
Human Factors Committee.

Holder of a patent for Rapid Communi-
cation Display Technology, Dr. Boff has
authored numerous articles, book chapters, and
technical papers and is co-editor of System
Design (1987),  Senior Editor of the two-volume
Handbook of Perception and Human
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Joint Services Working Group Chairman leading
the effort to establish the Human Systems
Interface (HSI) technology area within Joint
Directors of Laboratories (JDL) Reliance.  In
April 1994, the HSI Panel was formally approved
within the Department of Defense and Dr. Boff
was appointed Panel Chairman.
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— Steve Heckart
Applications Human Engineer
Human Engineering Division



50 Years of Human Engineering

2-197

1985-1994

Valencia, G., Ericson, M. A., & Agnew, J. R.
(1990). A comparison of localization
performance with two auditory cue
synthesizers. Proceedings of the IEEE
National Aerospace and Electronics Conference
(NAECON), 749-754.

Vargo, C. G., Brown, C. E., & Swierenga, S. J.
(1992). An evaluation of computer-supported
backtracking in a hierarchical database.
Proceedings of the Human Factors Society 36th
Annual Meeting, 1, 356-360.

Venturino, M., & Post, D. L. (Eds.). (1992).
Visual displays [Special issue]. Human
Factors, 34, 509-634.

Venturino, M. R. (1987). Capacity limitations in
human information processing: Theory &
applications. Proceedings of the Human
Factors Society 31st Annual Meeting, 1, 672-
673.

Venturino, M. R. (1987). Concurrent memory
search: The roles of automaticity and multiple
resources [Abstract]. Proceedings and
Abstracts of the Annual Meeting of the Eastern
Psychological Association, 58.

Venturino, M. R. (1988). Timesharing memory
searches:  The roles of automaticity & multiple
resources [Abstract]. Proceedings and
Abstracts of the Annual Meeting of the Eastern
Psychological Association, 23.

Venturino, M. R. (1989). Performance-based
measures of merit for tactical situation
awareness. AGARD Conference Proceedings
478: Situation Awareness in Aerospace
Operations (pp. 4-1 - 4-5). Neuilly sur Seine,
France: NATO Advisory Group for Aerospace
Research and Development. (NTIS No.
AGARD-CP-478)

Venturino, M. R. (1991). Timesharing memory
searches: The roles of automatic processing &
multiple resources theories. Journal of
Experimental Psychology: Learning, Memory &
Cognition, 17(3), 677-695.

Venturino, M. R., & Geiselman, E. E. (1992).
Quantifying the goodness of mental
representations of spatial relationships.
Proceedings of the Human Factors Society 36th
Annual Meeting, 2, 1363-1367.

Venturino, M. R., & Kunze, R. J. (1989). Spatial
awareness with a helmet-mounted display.
Proceedings of the Human Factors Society 33rd
Annual Meeting, 2, 1388-1391.

Venturino, M. R., & Wells, M. J. (1990). Head
movements as a function of field-of-view size on
helmet-mounted display. Proceedings of the
Human Factors Society 34th Annual Meeting, 2,
1572-1576.

Vidulich, M., Dominguez, C., Vogel, E., &
McMillan, G. (1994). Situation awareness:
Papers and annotated bibliography (Report No.
AL/CF-TR-1994-0085). Wright-Patterson AFB,
OH: Armstrong Laboratory. (DTIC No.
A284752)

Vidulich, M. A. (1988). The cognitive psychology
of subjective mental workload. In P. A.
Hancock, & N. Meshkati (Eds.), Human mental
workload (pp. 219-229). Amsterdam: Elsevier.

Vidulich, M. A. (1988). Speech responses and
dual-task performance:  Better time-sharing or
asymmetric transfer? Human Factors, 30(4),
517-529.

Vidulich, M. A. (1989). Objective measures of
workload: Should a secondary task be second-
ary? In R. S. Jensen (Ed.), Proceedings of the
Fifth International Symposium on Aviation
Psychology, 2, 802-807.

TESTING A PILOT'S REACH
IN GEOMETRY COCKPIT
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Subsystems Design" by Kenneth W. Kennedy.
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OPERATIONAL RELEVANCE
AL/CFHI applies multi-place and distributed crew systems design,
evaluation and assessment tools to prototype crew station designs.
(Task 718410)
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PACLAF LOOKS AT VISUAL SAFETY CUES
High-speed, low-altitude flight over rolling terrain is
difficult, especially in sparse desert environments.
PACLAF, managed by Dr. Rik Warren, investigates the
visual cues pilots need to safely accomplish their
mission. Here the effects of texture density and a
supplemental altitude display are assessed. (Task
689306)
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